Background: The diagnosis and treatment of invasive fungal infection (IFI) are still challenging due to its complexity and non-specificity. This study was aimed to investigate the clinical features, diagnosis process, and outcomes of patients with emerging IFIs. Methods: A retrospective review of emerging IFIs in adult patients at a university hospital in China was conducted; diagnoses were based on the criteria of EORTC/MSG 2008. Results: 145 IFI patients (pulmonary, intestinal and urinary) were enrolled in this study, including 80 proven (55.2%), 59 probable (40.7%), or 6 possible IFIs (4.1%). Among the 126 pulmonary IFIs, the positivity rate for sputum microscopy, sputum culture, and 1.3-ß-D-glucan (BG) test was 54.0%, 44.4%, and 37.3%, respectively. Among the 19 intestinal and urinary IFIs, routine examination of stool or urine and their culture were the main methods of detection. Positive results of 75 detected fungal strains from the samples showed that 30 cases were complicated with one or more bacterial infections. The average length of hospital stay of IFI patients was 14.0 (10.0, 20.0) days. The time from admission to antifungal therapy initiation (P<0.001), liver cirrhosis (P<0.001), hematological tumor (P<0.001), coinfection (P=0.019) and immune diseases (P=0.025) were independent predictors of prolonged hospitalization. Conclusion: Delayed time was the primary predictor of prolonged hospitalization. This prediction is suggested to improve IFI diagnostic and therapeutic process of IFI to promote prognosis.
Introduction
Within the last century, unprecedented numbers of fungal and fungal-like diseases have led to serious population decreases and extinctions in wild species. Without exception, human beings and their health have been extensively affected. 1 The incidence of fungal infection has shown an upward trend. [2] [3] [4] [5] Although significant improvements have been made in disease management and treatment of fungal infections, the mortality rate has only increased. 6 Early diagnosis of invasive fungal infection (IFI) is a difficult in routine clinical practice but key for the initiation of targeted therapies. The diagnosis of IFI is based on three elements: the clinical examination, imaging results, and confirmation/proof of the causative agent. Lungs are the most common site of fungal infection. Clinical symptoms typically manifest as fever, cough, dyspnea, chest pain, and hemoptysis; 7, 8 however, these characteristics only present in some patients. Radiologic examination of the lungs of these patients showed various presentations, only a few had typical features of fungal infection, such as denseness, cavitation, an air crescent sign (11%), or a halo sign (4.1%~7%); 8, 9 some even showed negative results (15%). 10 The 1.3-ß-D-glucan (BG) test is used to detect the BG antigen, which is commonly resides on the fungal surface. Therefore, the BG test is considered to be a useful test for "broad-spectrum" fungal marker. Investigations have reported a BG sensitivity of 60.0-87.9% and specificity of 78.0-80.5%. [11] [12] [13] The
Galactomannan (GM) test is aimed at a specific antigen for Aspergillus and is used for the early diagnosis of Aspergillus infection. In a systematic literature review on pediatric invasive aspergillosis, the pooled sensitivity and specificity were reported to be 85% and 88%, respectively. 14 Mycological culture from blood, sputum, tracheal secretions, or bronchoalveolar lavage fluid is the preferred method to obtain a definitive diagnosis. However, the overall sensitivity of culture for the diagnosis of IFI is low. 15, 16 The clinical manifestations and imaging features of IFI vary, and their associated hematological and pathological tests are often time-consuming or lacking sensitivity. Therefore, we sought to review the clinical features, diagnosis criteria, and outcomes of emerging IFIs in adult patients in a tertiary hospital setting in China to put forward possible strategies to improve the therapeutic.
Methods Setting
The study was a retrospective review of data from January to December 2018 from a 3000-bed teaching hospital in China. All the case data were obtained from the hospital medical database of the internal medicine department, and all the patients were aged over 14 years. Patients with a history of fungal infection or local fungal infections such as tinea pedis, tinea manus, or skin fungal infections were excluded. Cases were identified using the search term "fungal infection". The information collected included demographic data, underlying diseases, clinical manifestations, radiologic findings, fungal culture of sterile material results (from the peripheral vein or histopathology specimens, bronchoalveolar lavage fluid, swabs, sputum, urine, or stool), direct microscopy test results (bronchoalveolar lavage fluid, swabs, sputum, urine, or stool), serum BG assay results, serum GM assay results, treatments, length of hospital stay and outcome.
The study was approved by the Ethics committee of the Second Xiangya Hospital, China (2016/S014). This study did not need private information involving patient names, ID numbers, home addresses, phone numbers, etc. Therefore, patient consent was not required by the ethics committee. All investigators kept the patient's information strictly to maintain secrecy.
Clinical Definitions
Cases were categorized as proven, probable or possible IFI according to the revised definitions of the European Organization for Research and Treatment of Cancer/ Mycoses Study Group (EORTC/MSG) 2008. 17 According to these definitions, proven IFI required the detection of microorganisms in pathological tissues or fungal cultures of sterile materials. Probable IFI was defined as at least one direct microbiological criterion or a positive serum sample. The absence of microorganisms or blood-negative results were considered possible IFIs.
Computed tomography (CT) of the chest, sinus, abdomen or other anatomical sites was the preferred imaging examination. If CT could not be performed, an X-ray examination was conducted.
ABG turbidimetric analysis (Charles River Company, USA) was used to detect the BG antigen in serum and bronchoalveolar lavage specimens, with a cutoff index of >50. An Aspergillus enzyme immunoassay (EIA, the Platellia Aspergillus Ag, Bio-Rad, USA) detected the Aspergillus GM antigen, with a cutoff index of ≥0.5. If the patient had a second BG test or GM test, we recorded the results. Serum specimens were considered positive as long as one of the results was positive.
We also collected the data on the various microscopic fungi species and culture results.
Evaluation of Diagnosis and Treatment
According to the principles of fungal therapy in China, the use of antifungal medicines is strictly restricted and requires the guidance of an associate professor physician or above. The antifungal medicines include fluconazole, voriconazole, itraconazole, amphotericin, caspofungin, garlicin capsules, and sodium bicarbonate mouthwash. The initial time of microorganism or blood positive results, as well as the initial time of antifungal therapy, were recorded. If the time difference reached three days, the treatment was considered delayed, and the reason was further analyzed.
Statistical Analysis
The continuous variables are shown as medians (Q25, Q75) because of their nonnormal distribution in this study. The categorical data were constructed using frequencies and percentages. Categorical variables were compared using the χ 2 test on relationship of diagnosis and treatment, and continuous variables compared via the Kruskal-Wallis H-test because of its non-normality. General stepwise linear regression models were used to identify associations between the lengths hospital stay and risk factors. P < 0.05 was considered statistically significant. The statistical analyses were performed with SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). 
Results

Clinical Characteristics
Clinical Presentations
The nonspecific clinical manifestations are shown in Figure 1 . Cough (96, 66.2%), expectoration (87, 60.0%), fever (55, 37.9%) and dyspnea (41, 28.3%) were the main clinical manifestations. Other reported symptoms were oral leukoplakia (24, 16.6%), hemoptysis (15, 10.3%), chest tightness (14, 9.7%), chest pain (6, 4.1%), and edema (16, 11.0%). Patients with fungal infections of the digestive tract presented gastrointestinal bleeding or diarrhea (16, 11.0%). Sixteen patients with pulmonary fungal infection had no fever or clinical manifestations in the lungs; they had been hospitalized for other symptoms, such as fatigue and joint pain.
Radiological Findings
In this study, 6 patients did not undergo an imaging examination, and 16 cases underwent only X-ray examination, as shown in Table 2 . Of the 126 patients with pulmonary fungal infections, 15 were complicated with intestinal or urethral fungal infections. There were 123 positive casers according to imaging, including 11 inflammatory cases according to X-ray imaging, 90 inflammatory lesions according to CT imaging, 15 pulmonary interstitial lesions according to CT imaging and 7 distinct descriptions (crescent sign, cavitation, patchy nodules). There were 13 cases of intestinal fungal infection, 4 cases of urethral fungal infection and 2 cases of intestinal DovePress and urethral infection. Of these patients, 11 showed inflammatory exudation changes on lung imaging, and 1 had typical pulmonary nodules but was negative in sputum microscopy and three cultures.
Microbiological Results
Microbiological Results of Pulmonary IFI
A total of 120 patients met the criteria for proven or probable IFI, and 6 patients met the criteria for possible IFI. As shown in Figure 2 , the microbial positivity results were as follows: 18 (14.3%) cases were positive by pharyngeal smear, 68 (54.0%) cases by sputum microscopy, 56
(44.4%) cases by sputum culture, 2 cases by microscopic examination of bronchoscopic alveolar lavage fluid (BALF), 3 cases by culture of BALF, 47 (37.3%) cases by the BG test, 13 cases by the GM test and 5 cases by identification of the cryptococcus antigen.
In clinical practice, routine microbiological examination often requires repeated tests to observe the pathogen. We further analyzed the number of positive first microbiological examinations. The results were as follows: among 68 positive sputum smear microscopy examinations, 52 cases required one examination, 8 cases required two examinations, 8 cases required three or four examinations. Among the 56 positive sputum cultures, 47 cases required one culture, 7 cases required two cultures, and 2 cases required three cultures. Nine patients underwent two BG tests. Four of the tests changed from negative to positive, four changed from positive to negative, and one did not change. Two GM tests were performed for 11 patients, of which 3 changed from negative to positive and 8 remained unchanged.
Microbiological Results of Intestinal and Urinary IFIs
All 19 patients underwent routine stool and urine tests; 12 patients had positive routine stool results and 4 patients had positive routine urine results. Fecal culture was positive in 6 of 8 cases, and urine culture was positive in 2 of 4 cases. Only 2 of 5 cases were positive according to the BG test.
Blood culture was performed in 40 patients in this study; all the results were negative. Histopathologic Examinations 3 out of 9 cases were tested positive according to the immunofluorescence assay, 4 of 12 cases were positive according to A/ P immunohistochemical staining, and 4 of 6 cases were positive according to lung tissue culture. Among them, one case was identified from a duodenal bulb pathological biopsy; fungal hyphae could be seen, and the possibility of Mucor was high.
Fungal Strains
Based on the results of the various cultures (sputum, stool, and urine) and histopathology, 75 fungal strains were obtained, as shown in Table 3 
Diagnosis and Treatment
13 of 145 patients did not receive antifungal therapy during hospitalization. 7 of these patients had no diagnosis of fungal infection in their discharge records. Although there were slight differences in the medical treatments (p=0.020), the length of hospital stay (p=0.038) and the time from admission to the initiation of antifungal therapy (p=0.032) among the three groups (proven IFI, probable IFI, and possible IFI), there were no statistically significant differences in the outcomes (discharge or death), as shown in Table 4 . In the overall sample, the average length of hospital stay was 14.0 (10.0, 20.0) days, the average time from admission to the acquisition of positive etiological or hematological results was 2.0 (1.0, 4.5) days, and the average time DovePress from admission to the initiation of antifungal therapy was 6.0 (2.0, 11.0) days. Delayed antifungal therapy was reported in 54 (37.2%) patients. The main reasons included waiting for the second diagnosis of the pathogen (n=35), waiting for consultation (n=4), waiting for senior physician rounds (n=9), considering specimens contamination (n=2) and 3 cases received medication at discharge.
Regression Analysis of Hospitalization Time
The logistic regression analysis showed that hospitalization time was closely associated with the time from admission to antifungal therapy initiation (P<0.001), liver cirrhosis (P<0.001), hematological tumor presence (P<0.001), coinfection (P=0.019) and immune diseases (P=0.025), as shown in Table 5 .
Discussion
Invasive mycosis is a significant cause of mortality, but its diagnosis is still a great challenge due of its atypical clinical features and uncertain laboratory test results; these factors directly affect its treatment and prognosis. Invasive fungal infections can occur in any part of the body and sometimes involve multiple organs or tissues, with the lungs being the most common. The common risk factors we observed, such malignant tumors, immune diseases, chronic obstructive pulmonary disease and so on, were similar to those in previous reports, but cardiovascular diseases and diabetes mellitus were also major influential diseases in this study. People with diabetes mellitus are The time from admission to the initiation of antifungal therapy, Notes: In stepwise linear regression analysis, hospitalization time is the dependent variable. B = unstandardized regression coefficient, Beta = standardized coefficient. Independent variables are gender, age, diabetes mellitus, hematological neoplasms, gastrointestinal neoplasms, other tumors, cardiovascular diseases, chronic obstructive pulmonary disease, chronic renal disorder, immune diseases, liver cirrhosis, tuberculosis, acquired immune deficiency syndrome, intensive care unit, mechanical ventilation, prednisones, chemotherapy, peripheral vascular access, catheter/gastric tube/peritoneal dialysis tube, co-infection, delayed antifungal therapy, the time from admission to the acquisition of positive etiological or hematological results, the time from admission to the initiation of antifungal therapy. Abbreviation: SE, standard error.
more susceptible to infection, especially fungal infection, as a result of neutrophil dysfunction and impaired humoral immunity. 18, 19 The clinical manifestations of the patients were atypical. Fever, which is a common infection symptom, presented in only 37.9% of the patients. There were no pulmonary symptoms or signs in several pulmonary IFI patients, and 2 patients in this study did not undergo any radiological examinations. Although imaging findings associated with fungal infections are typically characterized by halo signs, air crescent signs and nodules, the results in this study were nonspecific. The most common manifestations were inflammatory lesions and pulmonary interstitial lesions. The halo sign and air crescent sign were observed in only 8 (5.5%) patients, which was significantly lower than the 40.0% 20 or 62.5% 21 of patients reported in other studies It is possible that only 8 aspergillosis cases were confirmed by microbiological examination as the air crescent sign is a late sign of invasive aspergillosis. 22 Some studies emphasized the transient nature of the halo sign; its incidence was particularly high during the early stages, but over time, the halo sign tended to disappear. 23, 24 CT pulmonary interstitial lesions are often associated with autoimmune diseases. In the diagnosis of these patients, we should consider whether the patients are complicated with fungal infections. According to IFI guidelines, a definitive diagnosis of proved IFI depends on the microbiological analysis or culture of sterile material, such as sputum results. Despite repeated tests, the positive rate of sputum culture was only 44.4%. The positivity rate of microbial detection in bronchoalveolar lavage fluid was not high, and only 3 of 11 patients were positive. The detection of pathological tissues is often used to obtain a diagnosis when no definite microorganisms can be found in the body fluids. In this study, the positivity rate of microorganisms in 12 pathological tissue samples was nearly one-third. A definitive diagnosis of probable IFI relies on direct testing (cytology, direct microscopy, or culture) or indirect testing (detection of antigen or cell-wall constituents). The positivity rate according to sputum microscopy increased slightly after the repeated collection of specimens. Among the cases of pulmonary fungal infection, the positivity rate according to sputum microscopy was 68 (54.0%), followed by the BD test at 47 (37.3%). The positivity rate of the BD test was significantly lower than 60%, which has been reported in some studies. 13, 25 This result is probably because, in 51.7% of the patients in this study, the time from disease onset to hospitalization was 1 to 3 months, similar to Angebault's study, 25 which
showed that BG negativity occurred at >1 month for candidemia and >3 months for invasive aspergillosis. In cases of intestinal and urinary tract fungal infections, the positivity rates of routine stool, routine urine and culture tests were significantly increased. To obtain a definitive diagnosis, direct microscopy and culture are economical, rapid and effective methods, despite the need for multiple specimens. Among the 75 positive results based on culture and pathology, Candida albicans was the main pathogenic agent, followed by fungi and mold. This is consistent with Li's research from China. 7 In this study, 30 cases of IFI were complicated with one or more bacterial infection, which posed a challenge in the diagnosis of the fungal infections, as the symptoms and imaging findings were more complex. The diagnosis and treatment of IFI are very complicated. Before administering antifungal treatments, we hope to find microbiological evidence for a definitive diagnosis. In this study, 54 out of 139 proven or probable IFIs were not treated until secondary etiological results or confirmation from a superior physicians was obtained. If patients present IFIrelated clinical symptoms or risk factors and direct or indirect positive microbiological results, must they wait for a second positive result before receiving antifungal treatment? In fact, the positivity rate of direct or indirect microorganism detection by a single test is quite low. In this process, it takes an average of an additional four days to initiate antifungal treatment. Obviously, the length of stay was also extended by four days in Table 4 . There were still some patients who were not definitively diagnosed with fungal infections or did not receive antifungal therapy until discharge. However, all six possible IFI patients were diagnosed and treated. The possible reason was that those who did not use drugs had mild cases, and the fungal infections were controlled while the underlying diseases improved and the body's immunity strengthened. 26, 27 In addition to liver cirrhosis, hematological tumor, coinfection and immune diseases, the time from admission to the initiation of antifungal therapy was related to the prolongation of hospitalization. The mean hospital LOS of 14.0 (10.0, 20.0) days was similar to those ranging from 14 days to 16 days in one studies 28 and significantly lower than those ranging from 32.4 to 36 days in other studies. 29, 30 It may be that patients in the former hospital were discharged after they had achieved the discharge standard and continued to take the medicine at home until a sufficient course of treatment was achieved. Automated ID consultations can improve fungal-related clinical issues but may not impact the time to appropriate antifungal therapy. 28 Medical experts unanimously agreed that microscopy and culture were the basic diagnostic tests for fungal infection at present, 31, 32 and this study suggested that the consultations by superior physicians should be simple and timely so that patients can receive antifungal treatment as soon as possible to reduce hospital stays and medical expenses.
Conclusions
Because of atypical clinical manifestations, low incidence of specific signs in imaging examinations and low sensitivity in microbial detection, IFI is diagnosed and treated with antifungal therapy often after multiple tests and consultations with physicians. In addition to its underlying disease and co-infection, this study emphasized that the time from admission to the initiation of antifungal treatment was associated with the length of hospitalization. This result suggests that we need to improve IFI diagnostic and therapeutic criteria and optimize management procedures so that patients with fungal infections can receive treatment as soon as possible to improve prognoses.
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